Introduction
Magnetic resonance imaging (MRI) techniques that measure cerebral perfusion have become increasingly important. Compared with methods using single photon emission computed tomography (SPECT) or positron emission tomography (PET), quantification of cerebral perfusion using dynamic MRI has advantages such as improved spatial resolution, no patient exposure to ionizing radiation, and the possibility to combine morphological and functional information during a single imaging session. The use of an intravascular contrast agent in combination with dynamic susceptibility contrast-enhanced MRI (DSC-MRI) for measurement of cerebral perfusion is an attractive concept, although not completely straightforward. Since high noise is always seen in DSC-MRI, the accuracy of the pixel-based parametric image is not easy to be achieved. Then, the purpose of this study is to present a novel denoising technique for improving the quality of the parametric images of cerebral perfusion generated from DSC-MRI.
Methods

Anisotropic diffusion method
The method is based on anisotropic diffusion [1] , in which smoothing is formulated as a diffusive process and is suppressed or stopped at boundaries by selecting locally adaptive diffusion strengths. This process can be formulated as follows, assuming no sinks or sources ∂ I(x,t)/∂t=div(C(x,t)· ∇I(x,t))... (1), where ∇ and I(x,t) denote gradient operation and image intensity, respectively. The diffusion strength is controlled by the diffusion function C(x,t), which was given by C(x,t)=exp(-(|∇I(x,t)|/κ) 2 )...(2) in this study. The κ value was chosen as κ=1.75· MAD(I)/0.6745, where MAD denotes median absolute deviation from zero.
Clinical application
This method was applied to 6 subjects (5 males, 1 female; age, 53±7 years). Patient data were acquired using a 1.5 T MR system (Philips Gyroscan ACS-NT). For perfusion imaging, a multi-shot gradient echo planar imaging (EPI) sequence was used (TR/TE/FA=231-319 msec/ 30 msec/ 35-40 °, FOV 23x17 cm, echo factor 9, matrix 128x60, slice thickness 6 mm). After a bolus of Gd-DTPA (10 ml) was injected into an antecubital vein, we obtained 40-50 dynamic images with a 1.32-2.08 sec time resolution in 4-6 slices. One slice covered the cavernous portion of the internal carotid artery to obtain the arterial input function (AIF). The dynamic images thus obtained were processed using the anisotropic diffusion method and then the cerebral blood flow (CBF) images were generated by pixel-by-pixel deconvolution analysis based on singular value decomposition [2] . When generating the CBF images, AIF was automatically extracted using fuzzy c-means clustering [3] . For comparison, the CBF images were also generated without processing the dynamic images. For evaluation of the method, we obtained the mean (M) and standard deviation (SD) of the CBF values in the region of interest (ROI) drawn on the frontal lobe in the unaffected side of the CBF images (ROI size: 59±11 pixels), and calculated the signal-to-noise ratio (SNR) by M/SD. Results Figure 1 shows an example of the CBF images generated without processing (upper row) [CBF(unprocessed)] and those generated after processing DSC-MRI data using the anisotropic diffusion method (lower row) [CBF(processed)]. Table 1 summarizes the SNRs obtained in the CBF(unprocessed) and CBF(processed) images. The ratio of the SNR in the CBF(processed) image to that in the CBF(unprocessed) image was also shown in the last column in Table 1 . The SNR of the CBF images generated after processing the DSC-MRI data using the anisotropic diffusion method (8.69±1.78, n=6) was significantly (p=0.0009 by paired t-test) higher than that of the CBF images generated without processing (3.90±1.04). The SNR in the CBF images was improved by a factor of 2.26±0.26 after processing. Discussion The conventional linear spatial filtering reduces the amplitude of the noise, but it also decreases the sharpness or discontinuity of the image contour or the boundary. On the other hand, the method based on anisotropic diffusion overcomes the major drawbacks of the conventional spatial filtering, and significantly reduces the image noise while preserving the discontinuity of the inhomogeneous region. This results in the improvement of SNR. The parameter κ in Eq. (2) is directly related to the gradient magnitude of the image to be kept or smoothed. The selection of this parameter is important and is mainly based on the noise level and the edge strength. In this study, this parameter was automatically selected from robust statistics to estimate the "robust scale" of the image [4] . This would enable our method available for routine clinical use. In conclusion, our method based on anisotropic diffusion is useful for denoising DSC-MRI, which will enable the CBF images generated from DSC-MRI more reliable. References 1. Perona P, Malik J. Scale-space and edge detection using anisotropic diffusion. IEEE Pattern Anal Machine Intell 1990; 12: 629-639 
